Abstract Total shoulder arthroplasty is now capable of recreating near anatomic reproduction of native bony shoulder anatomy, but the function and longevity of anatomic shoulder replacement is dependent on a competent soft tissue envelope and adequate motoring of all musculo-tendinous units about the shoulder. Balancing the soft tissues requires understanding of the anatomy and pathology, as well as technical skills. The advent of reverse shoulder biomechanics has brought with it special requirements of understanding of the soft tissue elements still left in the shoulder despite major rotator cuff deficiency.
Introduction
Total shoulder arthroplasty (TSA) has become a commonplace [1] and accepted management [2] for the arthritic shoulder, in both young [3-6] and old [7] . However, functional outcomes are determined by many factors including variable expectations (with the young having higher than the old) [8] , anatomic factors such as glenoid erosion [9] and accurate placement of the components of the prosthesis, but also by careful and appropriate management of the "soft tissue envelope" including rotator cuff elements, capsular elements, and neurovascular elements [10] [11] [12] .
Shoulder arthritis has a propensity for uneven wear of the glenoid in particular, and current prosthetic design developments [13] are attempting to balance the soft tissue envelope better by correcting (partially or completely) the glenoid bony deficiency [14] . There are recent suggestions that the B2 glenoid warrants primary reverse shoulder arthroplasty (RSA) due to late complications with anatomic arthroplasty [4] .
Most reviews of primary shoulder replacement surgery discuss tendon release of the subscapularis (SSC), capsular release of the inferior capsule, and occasionally capsulorrhaphy of the posterior capsule for posterior laxity. Most do not address the fact that the bony positioning of a shoulder implant determines the length of the muscle-tendon units of the rotator cuff about the shoulder and that the sequelae of not respecting the soft tissue difficulties imperils the functional outcome of the replacement [15] .
Prosthesis factors

Modular replacements
A recent explosion in commercial designs and availability of shoulder replacements [16] has led to the availability of modular components (Fig. 1) , different biomaterials such as pyrocarbon [17, 18] and ceramics, and hybrid bony connections (part bony ingrowth/ongrowth, part cemented) [19] . Although hand surgeons recognize the different soft tissue response to various metals and polishes, shoulder biomaterials have not received such attention, and the effect of border lubrication on capsular responses is as yet not published. modularity and offset correction has made an anatomical replacement of the pre-existing shoulder alignment possible. This goal of insertion presupposes that the balance of the musculo-tendinous sleeve is corrected by returning to the original geometry of the shoulder joint [20] . Many outcomes studies have shown good results despite having no measure of the correction or otherwise of the bony anatomy, although the incidence of prosthetic instability has been tied to the degree of version of the humerus in some studies [21, 22] Glenoid deficiency Almost all osteoarthritic wear in the glenoid is posterior, and retroversion angles as high as 40°are encountered [22] . Both concentric and eccentric wear patterns create a grading of glenoid posterior wear that is in common use now, with the B2 glenoid producing the most discussion on optimum treatment when replacing the glenoid [21, 22] .
Placing the glenoid component directly on the worn face of the remaining glenoid bone stock does not correct the glenoid orientation [23] and, thus, creates a relative mismatch in the subscapularis (SSC) to infraspinatus (ISP) length [15] , which can either produce posterior prosthetic instability, or at the very least a muscle with suboptimum length-tension relationship with subsequent weakness. Green and Norris report that the SSC, if left contracted adds to this imbalance and further promotes the posterior instability [24] .
The inability of shoulder replacements to achieve reliable results in patients with B2 and C glenoid types [25] has led to a call for B2 glenoid shapes in osteoarthritis being managed with a primary reverse geometry shoulder arthroplasty (RSA) [26] . This produces satisfactory function, but limits the goals of rotation in particular, and we have yet to see the long term sequelae of these prostheses in younger patients.
Correcting this soft-tissue imbalance is through correction of the bony deficit. This was historically done by reaming down the (usually anterior) high side to make the glenoid axis more normal, but was associated with medialization of the glenoid and/or deficient glenoid bone stock to support the glenoid prosthesis [27] .
The recent development of patient specific guides for exact centering of the glenoid guide pin [28] [29] [30] has allowed for optimum alignment of the pin, but has not resulted in solutions for how to make the glenoid face anatomic to correct the muscular imbalance of subscapularis and infraspinatus.
Bone grafts have been used historically for normalizing the glenoid version, but have mixed published results [31] .
More recently, commercial research has led to alternatives such as through built up prostheses made from uneven thicknesses of polyethylene [32, 33] or metal wedges. Further outcome studies are required to determine if they offer a better result than previous techniques.
Long head of biceps pathology
This discussion is short, as most authors recommend long head of biceps (LHB) tenodesis with total shoulder arthroplasty. Better external rotation of the humerus is achieved following LHB release intraoperatively, and evidence of loss of function after tenodesis is sparse. In reverse shoulder arthroplasty, it cannot be preserved as the tendon excursion does not coincide with the reverse geometry biomechanics.
Subscapularis pathology
The subscapularis tendon is the "doorway to the shoulder joint" and so is usually taken down for access to replace the shoulder. Recent novel techniques preserving SSC have been tried with inconsistent results to date [34] .
Chronic SSC deficiency from past rupture is a relative contraindication for anatomic shoulder replacement, and unless a partial tear can be repaired solidly, may indicate the need for RSA [35] .
Postoperative loss of SSC function [36] is discussed at length due to alternative surgical approaches of lesser tuberosity osteotomy and SSC takedown (either mid-substance or at insertion) [37, 38] . The alternatives assume normal SSC length, as the step cut alternatives all require an intact tendon to bone interface. When a patient ruptures the subscapularis post-total shoulder arthroplasty, the management becomes important for preventing prosthetic dislocation [39] , and the use of Pectoralis Major as a transfer is now well recognized [40, 41] .
Much more common in the pre-arthroplasty patient is a subscapularis and/or anterior capsular contracture [15] , especially after an iatrogenic result of the "Putti Platt" instability . This results in a short SSC tendon that cannot be "released" to normal length, and so often requires a lengthening procedure [42] . Various lengthening techniques are described, including vertical step cut, coronal step cut, and bony release with medialization of origin [42, 43] .
Supraspinatus pathology
Although the native shoulder tolerates small, medium, and occasionally large supraspinatus (SSP) rotator cuff tears with relative ease, the same cannot be said of the prosthetic shoulder. Anatomic replacement does not stop superior migration of the humeral head when SSP deficiency is present, and even late supraspinatus rupture after total shoulder arthroplasty results in poorly functioning shoulders. Very small tears of supraspinatus are easily repaired at the time of surgery [44] , but once proximal or superior migration has occurred, the cuff "incompetence" is likely to result in a failed cuff postoperatively, with recurrent superior migration, eccentric wear on the superior glenoid with possible earlier loosening or dissociation, and loss of shoulder elevation if the deltoid does not have compensatory strength [10, 40] .
Prior to the widespread development of reverse shoulder arthroplasty options, the prosthetic "answer" to supraspinatus deficiency was the use of oversized humeral heads, or "CTA" head hemiarthroplasty [45] , or bipolar humeral head replacements [46] . The aim of course was to increase the lever arm of the deltoid muscle and allow it to elevate the arm without the supraspinatus contribution. Some spectacular results followed, but many poor outcomes as well.
The RSA has generally overtaken the concept of TSA with concomitant SSP repair or reconstruction.
Infraspinatus and teres minor pathology
Poor infraspinatus (ISP) function has recently been shown to produce inferior results in TSA [10, 47] . Because of the association of infraspinatus dysfunction with supraspinatus deficiency, this has been addressed by having these patients selected for RSA rather than TSA as a primary operation. In the young patient, this is a significant reduction in outcome goals, and if salvage by repair or reconstruction is possible it should be considered [15] .
Our understanding of ISP being the primary motor for external rotation has been challenged as more patients undergo RSA and Teres Minor deficiency has been associated with the "Hornblower's Sign" of the abducted arm [41] being unable to hold enough external rotation to keep the hand elevated for simple functions like washing and brushing one's hair.
As a result, the little used Latissimus Dorsi tendon transfer [48] has undergone somewhat of a renaissance being used in particular with reverse shoulder replacements to avoid a continuing deficiency of external rotation in elevation postoperatively [49] .
Techniques of insertion
Exposure
Total shoulder replacement is usually performed through a delto-pectoral incision. The deltoid and its axillary nerve supply is at some risk [12] but if a revision procedure is considered the clavicular portion of the deltoid origin can be taken off the clavicle with a sliver of bone [50] for later reattachment with transosseous sutures, and if the glenoid requires extra exposure, the coracoid can be taken down after predrilling to allow reattachment with screw fixation [51] .
The subscapularis requires reflection from its insertion in most cases, although attempts at tendon-on shoulder replacement are published with variable results [34] . A minimally invasive double window approach has also been suggested [50] . There is much debate about lesser tuberosity osteotomy vs subscapularis tenotomy (insertion or mid-substance) [52] , with some suggestions that the subscapularis function is less compromised by osteotomy [52] . Release of the capsular attachments to the subscapularis allows better lengthening of the tendon and good postoperative function [53, 54] .
Humeral head exposure and replacement Anatomic positioning [55] and version is the current procedure of choice [56, 57] . The correction of the edge of the humeral head with modular components has decreased the metal edge cutting into the adjacent cuff attachment [58] . The soft tissue effects of ceramic heads, pyrocarbon heads [17, 18] , and metal partial resurfacing are not published as yet.
Glenoid exposure and replacement
Rapidly changing types of glenoid replacements are emerging. The effect of metallosis on the soft tissue [59] has brought about the advent of many "hybrid" glenoid components [19] as well as new age cementless techniques [60] .
Hemiarthroplasty with "ream and run" glenoid techniques are widely published [27] , but the scar response of the soft tissues from revision to total shoulder replacement can be significant, with outcomes showing less range of motion and strength, and high revision rates [61] .
Posterior capsulorrhaphy
Many descriptions of shoulder replacement implantation describe checking posterior translation after trial insertion, and performing posterior capsulorrhaphy to tighten any potential posterior laxity [62] .
Postoperative outcomes
The expected outcomes of pain relief have been well documented [2], but range of motion and strength outcomes rely on the soft tissue effects of shoulder arthroplasty, and thus are less predictable.
Rehabilitation
The rehabilitation of shoulder arthroplasties has been colored by a lack of scientific rigor in assessing the effects of individual components on outcome [63] . Physician directed rehabilitation has been preferred by many [64] , but a modern day collaborative approach is still considered the best time efficient method of rehabilitation of these patients.
Early protection of the subscapularis is essential to its' integrity [39, 52, 65] , with 4-6 weeks of bracing, with active range of motion and strength exercises starting at 6 weeks both "dry" and in water, and a total 6-month rehabilitation plan [63] .
Total shoulder arthroplasty soft tissue failures
Postoperative cuff deficiencies Subscapularis deficiency has been well recognized after early failure of the surgical repair [66] . This is a failure of the approach to the joint. Postoperative anterior instability of total shoulder arthroplasty can be blamed primarily on this deficiency. Late rotator cuff deficiency includes all elements of the cuff [40] , but management includes both tendon transfers [41] as discussed earlier or revision to a reverse shoulder arthroplasty [67] .
Postoperative stiffness
The most likely cause of postoperative stiffness is preoperative stiffness and not performing adequate surgical releases at the time of surgery to recover adequate range of motion. However, common associated features are malposition of prosthesis and instability [68] . Whatever the cause, after failure to progress with nonoperative means, surgical release is often helpful [69] .
Other recently published causes of stiffness include infection, and the involvement of Proprionibacteruim Acnes in the production of postsurgical stiffness has been suggested [70] . This micro-organism has been under reported for many years due to the 7-to 10-day period for positive cultures [71] , and in many Microbiology labs the specimens are discarded before this time.
Conclusions
Anatomic total shoulder arthroplasty offers the best chance of normalized function of the arthritic shoulder after surgery. However, the competence, strength, and mobility of the soft tissue elements surrounding the shoulder are what give it the best range of motion, strength, and coordination. Recent published literature has focused on cuff deficiency being treated by reverse geometry shoulder arthroplasty techniques, but this does not offer normalization of the shoulder biomechanics, and this review demonstrates the difficulties of solving soft tissue scarring and deficiencies around shoulder prostheses. New developments in biomaterials, built up prosthetic options, and soft tissue augmentation may further improve outcomes.
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